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1. BRATSK HYDRO-EIECTRIC PO

Descriptive bulletin. This powe;rl plant is under construction. It is located
on the Angara River in Siberia. The dam is scheduled for completion in 1959. |
It is scheduled to go on line in 1961. Each turbine will have a rating of
225 MW. Total capacity will be 3600 MW with a possibility to increase to
4500 MW. o

The Bratsk plant is the fourth on the Angara River. The first at Irkutsk
went into service in 1956. A total of six power plants with a total capacity
of 10 million KW will be built on the Angara River. The illustrations show
the Padunsk Gorge before construction was. started. B

2. KRASNOYARSK HYDRO-ELECTRIC POWER PLANT

Descriptive bulletin. This powex'- plant is under construction. Tt is located
on the: Yenisey River in Siberia. | Total installed rating will be 4200 Mw and
it will be the largest and most efficient hydro~electric plant in Russia.

The power plant will be located near the city of Krasnoyarsk and will be
connected by a 500 KV transmission line with the Bratsk power plant and with
. the Kooznetsk region. B

The topography of the proposed sight is characterized by a narrow gorge with
steep rocky shores. The climate |of this region is strictly continental --

. average yearly temperature 0.4°C [(32°F) max. temp. in July 37°C (98. 6F) and a
minimum in January - 54°C (-65°F). Average number of days.without frost per
year 112. ‘Thermal joints will be provided longitudinally with vertical gaps.
This permits to reduce the reaction at the base and a reduction of the amount
of concrete required. 0 : |

The power plant will be l&37 ‘M.. long (1433 ft.) and will house 14 radial-axial
turbines with a 6.6 .. (21.65 ft.) dia. of the blade wheel. The inlet pipes
are made from metal and are 8.5 M.. (27.887 ft.) in dia. They are.provided

- with grids and flat closures hydraulically operated. Each umbrella type water
- wheel generator is rated 300 MW at 100 rpm. The transmission voltage is 220
and 500 KV. The starting date of the first generators is scheduled for 1965.
The design of the Krasnoyarsk plant is made by the Leningrad division of the
Hydro-Energy Project.

\
{
\
{
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3. THE DNIEPR CASCADE OF HYDRO-ELECTRIC POWER PLANTS

The Dniepr is the third largest river in Europe (after Volga and Danube)

The Dniepr starts in northern Russia and flows from north to south. It is -

2285 KM (1420 miles) long. It discharges into the BlackSea at Hersones, Most .of hydro-
electric potential power of the Dniepr is below Kiev (about 90%). fSee Map Fig. 1.
The construction of dams in the '.Ilower Dniepr region provides means of irrigation
which is badly needed in that rather dry area. The following six hydro-electric .
plants are planned on the lower Dniepr The Kiev, Kanev, Kremenchug,
Dneprodzerzinsk, Dniepr-Lenin and Kahovka. See Fig. 12. The construction '
of these dams will provide irrigdtion for 3.5 million hectars (8.65 million acres)

1( ’
Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7




Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7

.2-

and will make the lower Dniepr navigable from Kiev to the Black Sea. In 1932
the first power plant (the Dniepr-lLenin) was completed. The flooded area covere
the Dniepr Rapids and the construction of locks made the river navigable all
the way down to the sea. ‘

Next the Kahovka dam was built. In 1954 the construction of the Kremenchug Dam
was started and also the Dnieprodzerzinsk Dam. Above power plants will be
connected by high voltage transmission lines with the Donets Region and the
Volga power plants and thus become: part of the combined power system of

Buropean Russia.

The potential capacity of the Dniepr River is estimated at 1.65 million KW snd
the corresponding electrical output would be 14%.5 billion KW ROUR ‘per year.
Below is a breakdown of the output for eath power plant:

1. Kiev - no rating specified.

2. Kanev - 250,000 KW. Average yearly output: 805 million KW hours.
3. Kremenchug -~ 625,000 KW - 1506 million KW hours per year.

k. Dnieprodzerzinsk - 350,000 KW - 1,250 million KW hours per year.
5. Dniepr-Lenin - 650,000 KW - 3,640 million KW hours per year.

6. Kachovka - 312,000 KW - 1435 million Xv hours per year,

4. THE KREMENCHUG HYDRO-ELECTRIC POWER PLANT

A detail description of the power plant No. 3 listed above. An estimated
date 1961 is given for the Tilling of the reservoir.
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5. THE ALL UNION RESEARCH INSTITUTE OF ELECTRICAL ENERGY

The Central Electrical Research Laboratory, which was originally (19kl)
organized as a part of the ministry of power plants, was reorganized early
in 1958 as the All Union Research Institute of Electrical Energy.

The Research Institute is concerned with the efficient operation of power
systems, transmission lines and the unification of electrical systems and
coordination of the electrical equipment in the industry with new methods
of power generation.

6. RESEARCH INSTITUTE FOR DIRECT CURRENT

INTRODUCTION

This Institute is concerned with the development of D.C. transmission lines.
A.C. transmission lines with voltages up to 400 KV are also investigated in
this Tnstitute.

Unique test installations are located in Leningrad and Moscow, and include
Qhe following:

1. D.C. transmission line between Kashira and Moskow 200 KV, 30 MW,
112 KM (70 miles).

2. A 120 MVA test stand for testing high voltage valves. Also a number
of equivalent stands and systems for the investigation, testing and
development of valves.

3. Electrodynamical model of large combined power systems with power
generators simulating the present synchronous machines.

L, High voltage test installations which permit a thorough testing of
the equipment for D.C. power transmission up to 1200 KV and A.C.
transmission up to 650-700 KV.

5. A number of special installations and models.

In cooperation with the project organizations and the electric manufacturing
industry, the Institute develops and designs the non-standard equipment of
the first industrial D.C. transmission line between Stalingrad Hydro~Electric
Plant and the Donets Region (Donbass), 800 KV, 750 MW, 470 KM (292 miles).

The Institute also carries development work for the es%ablishment of D.C.
transmission lines in the power system of the Soviet Union.

The Institute also studies line insulation, internal over-voltage, corona
effects, development of axial compensation, stability problems, etc. The
results of above investigations are used in the design of A.C. transmission
lines with 400 KV and higher.
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D.C. HIGH VOLTAGE POWER TRANSMISSION

EXPERIMENTAL INDUSTRIAL D.C. TRANSMISSION LINE BETWEEN KASHIRA AND MOSKOW

Built in 1951 - Capacity 30,000 KW - rated voltage 200 KV. It consists
of & rectifier station at Kashira and an inverter station at Moskow connected
by & two cable line 112 KM (69.6 miles) long. See Fig. 1.

The current is converted by means of metal single anode, dismantable mercury
valves with different modifications. Basic electrical specifications of the
valves: max. current 150 amps, reverse voltage 120-130 KV.

The transmission line consists of two single strand cables which carry D.C.
current at 200 KV. The cable has an aluminum current carrying core with a

cross section of 150 MM?, a paper insulation 1ll-12 mm. thick with a viscous
impregnation , a lead shield and a steel shell.

Fig. 2 Kashira - Moskow transmission line. Open-air part of the conversion
station.

Fig. 3 valve (rectifier) hall.
Fig. 4 valves and auxiliary equipment.

MODELS FOR THE INVESTIGATION OF D.C. TRANSMISSION

Most of these investigations are carried out for the design of the Stalingrad-
Donets Region transmission line. It includes:

A model for the investigation of stationary and transient phenomena.

A model of a D.C. transmission system for the investigation of
the control equipment, adjustment end protection. See Fig. 5.

A model for the investigation of vibrations and internal overvoltages
in D.C. transmission lines. See Fig. 6. Acustic frequency vibrations
have been investigated on this model and methods of damping these
vibrations.

A model of the conversiop system for the investigation of high
frequency vibrations (107, 10° cycles) during the starting of
the valves.

D.C. TRANSMISSION LINE STALINGRAD TO DONETS REGION

The main design data are:
Capacity 750 Mw.

Rated voltage 800 Kv.
Overhead transmission line 470 KM (292 Miles) long.
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HIGH VOLTAGE VALVES (RECTIFIERS)

Development work is carried out by the Institute: manufacturing technology,
assembly methods and test methods of high voltage valves. See Fig. 7.

Design of high voltage valves and investigation of physical processes in
the valves. Fig. 8, 9, 10, 1l and 12.

HIGH VOLTAGE TECHNOLOGY

HIGH VOLTAGE TEST INSTALLATIONS

VOLTAGE IMPULSE GENERATOR. Fig. 13. Rated voltage 4.3 million volts,

shock capacity 16,700 micromicrofarad, stored energy 155 KW. Sec. Efficiency
0.8 for a standard wave of l.5/h0 MICROSEC. The high voltage of this
generator and high shock capacity permits the testing of apparatus built

for transmission lines with a rated voltage of 650-700 KV, which as a rule
have high inlet capacity. '

CURRENT IMPULSE GENERATOR. Chargin voltage 100 and 200 KV, shock capacity
B0 microfarad &t 100 KV, and 20 microfarad at 200 KV. Stored energy LOO KW
Sec. Amplitude of discharge current up to 500,000 amps. The generator is
set in a pit, below the floor level.

SINGLE PHASE TEST TRANSFORMER for industrial frequency, 50 cycles, Fig. 1.
Reted voltege 1 million volt, capacity 1000 KVA. This transformer is
energized by & special single phase generator rated at 600 KW which is
driven by a wound rotor motor rated 350 KW.

D.C. CURRENT INSTALLATION. Fig. 15. Rated voltage 1.2 million volts.

Average value of rectified current permissible for a long period 7O milliamps.
Average value of current permissible for a short period (up to 10 sec.)

200 milliamps. This installation is designed on the principle of doubling

the voltage. Rectifiers are high voltage kenotrons, which are heated to

glow by means of & special transformer. At maximum load the voltage fluctuates
about 5-T7%.

HIGH FREQUENCY INSTALLATION. (Tesla transformer). Rated voltage 1.5 million
volts. Frequency 30 to 150 Kilocycles.

In the large high voltage hall a generator of impulse voltage up to 1 million
volts and a capacity of 10,000 micromicrofarad is installed.

Spherical dischargers with 2.5 and 1.5 ‘M. diameter of the spheres. A

capacity type voltage divider with 3.5 'M. dia. electrodes and a cylindrical air
condenser 3.5 M. in dia. for an operating voltage of 600 KV and a capacity
about 100 micromicrofarad.

For long range investigations and for the test of lower voltage apparatus
a small high voltage hall is available.

A number of special test set-ups: is also available, for the testing of
condensers, insulators, etc., at high temperatures, high humidity, etec.
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CASCADE OF TEST TRANSFORMERS AND EXPERIMENTAL SECTION OF AN OVERHEAD
TRANSMISSION LINE

The cascade consists of three transformers each rated at 750 KV and 750 KVA.
It is an outdoor installation Fig. 16. These transformers can be connected
in star with a line to line voltage of 1300 KV, or in series with 2250 KV
to ground.

For the investigation of corona discharges a 1 KM long experimental section
of a transmission line has been built.

MODEL FOR INVESTIGATION OF INTERNAL OVERVOLTAGES IN THREE PHASE NETWORKS
FOR HIGH VOLTAGES. Fig. 18.

OPERATION PROBLEMS OF LONG DISTANCE TRANSMISSION LINES AND COMBINED POWER
SYSTEMS

Studies are made of static and dynamic stability of combined power systems.

Self-excitation of synchromous machines.
Investigation of compensation methods.

ELECTRODYNAMIC MODEL. (Network analyzer).
Figures 19, 20, 21 and 22.

EXPERIMENTAL - INDUSTRIAL INSTALLATION OF LONGITUDINAL COMPENSATION OF
TRANSMISSION LINE REACTANCE
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TRANSLATION

7. TELEMECHANICAL DISPATCHER POINT OF AN ELECTRIC POWER SYSTEM

(SUPERVISORY CONTROL)

The modern electric power systems supply electric and thermal
energy to mamufacturing plants, construction works, transportation, agriculture,
communal buildings and also satisfy the cultural living requirements of the
population. These power systems consist of electric power plants with a capacity
of tens and hundreds of thousands of kilowatts, a large number of transformer
substations and high voltage transmission lines which are hundreds and thousands
of kilometers long.

A continuous and well-organized supply of electrical energy to the
peoples economy is a requirement for a normal econamical and cultural life of
our socialistic society.

Considering the enormous size of the electric generating industry,
the economic operation of individual electric power plants becoames very important
and particularly the rational utilization of hydraulic energy and also of local
and imported fuel in the entire power system.

Due to above conditions it was necessary to orgenize a centralized
dispatcher control of individual power systems and also & united dispatcher
control which covers a large part of the country (Figure 1).

The dispatcher coordinates the operation of different power plants
and specifies for each plant the most econamical schedule. He can rapidly
eliminate an accident or restrict its expansion and thus prevent interruptions
in power supply.

Dispatcher points (united, central, district) are broadly supplied

with modern technical equipment - telemechanic.
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Different types of modern telemechanic apparatus permits the
dispatcher to control the power system with operation precision and they facili-
tate his work. The dispatcher point and all stations and substations are connected
by telephone. The telemechanical equipment permits the dispatcher to centralize
the control, the complex method of generating and distribution of electrical power
and to carry it out in the most efficient way considering the over-all requirement
of the peoples economy.

The introduction of telemechanics is followed by the equimment of
stations and substations with local automatic equipment, which permits a reduction
of the operating personnel,and at a number of hydroelectric stations and sub-
stations, it is possible to campletely eliminate the operating staff.

In the Soviet Union the plamned telemechanization of power systems
was started after the war.

Industrial manufacturing of standard telemechanical equipment began
to develop only during the last five to ten years. The telemechanical equipment
which was developed for electrical power systems has been widely used in other
branches of ocur national economy.

At the present time over thirty-two power systems which include
about 70 per cent of the entire power output are equipped with telemechanized
dispatcher points. Over three hundred network substations operating at 220 KV
are equipped with telemechanics and operate without permanent personnel at the
panel. Fifty-one hydroelectric power plants, which constitute about 46 per cent
of all hydroelectric plants, are telemechanized and are controlled from central
dispatch points. In the largest power systems district dispatch points are
organized. These points are equipped with a great variety of telemechanical

equipment.
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One of the largest in the world, the hydroelectric station at
Kuibishev 1s connected by telemechanical equipment with the United dispatch
system at Moscow, l1.e. a distance of one thousand kilometers.

In & number of large cities of this country, telemechanized
dispatcher points are being built for the city distribution (cable) networks.
This will help to improve the supply of power to the cities without interruption.

The distances between the dispatcher points and the controlled
equipment varies from tens to many hundreds of kilometers and in the near future
increase to several thousand kilometers.

Telemechanics provides the transmission over such distances of
practically unlimited number of signals, commands or measurements over one con-
necting channel. This 18 obtained either through communication lines or through
the rapidly increasing use of high frequency connection through the high voltage
transmission lines. (Figure 2)

According to the functions performed, telemechanics i1s subdivided
into:

(a) Telemetering, i.e. transmission of measured values (parameters) which

characterize the electrical, thermal and other conditions of operation
of the controlled stations, substations and networks.

(b) Telesignaling, i.e. transmission of signals regarding the position of

switching equipment, which is either automatically operated or operated
by remote control, and also signals about the operation of the generators
and other equipment which changes fram time to time.

(¢) Telecontrol, i.e. transmission of commands and orders of the dispatcher
which operate the executive mechanisms at the controlled point; besides
that, telecontrol 1s used for the transmission of a command requestin%

telemetering.
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Telemetering is used for measurements of active and reactive
capacity of the gener;tors, and of total capacity of power plants of the entire
power aystem, for the control of the loads of transformers, the flow of energy
in transmission lines, the voltage at different points in the high voltage
network, and the frequency in the system.

Besides that, on hydroelectric power plants measurements of the
water level are made in water reservoirs and in steam power plants measurements
of the pressure and consumption of steam.

Telesignaling is used for the continuous control from the dispatch
point of power circult breskers, the operation of protection relays on transmis-
slon lines and power lines and also of local autcmatic equipment. Teleslgnaling
permits the dispatcher to check the results of the orders and commands which he
has sent out.

Telecontrol is used by the dispatcher for starting and shutoff of
the high voltage generators, and closing and opening of switchgear. Fast loading
and unloading of the generators of one power plant depends on the changing
conditions on another one or anywhere in the network.

Besides that, there are telemechanic methods (they include tele-
metering) which are applied also for purposes of automatic regulation of frequency
and active power outputs of power systems. In this case, by means of telemechanic
methods, a tie is provided between automatic control equipment which is located
in different points of the power system (for example: the dispatcher point and
an electric power plant). As a result of that more efficient utilization of the
power of plants is obtained.

On the exhibition stand is observed telemechanical equipment which

is manufactured by the plant "Electropult” (Leningrad).
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Dispatcher Panel. The most important element of the telemechanized

dispatcher point is the panel with a so-called mneumonic (mimic bus) diagram of
the power system. On this diagram, by means of symbols, are shown generators,
transformers, circult breakers, disconnectors, bus bars, transmission lines, etc.
Sections of the mimic bus diagram which have different voltages are painted in
different colors.

The purpose of the mimic bus diagram is to reproduce without the
participation of the dispatcher all changes which occur in the power system.

Such autcomatic recording facilitates the work of the dispatcher and guarantees
the correct and fast recording of the incoming signals.

For this purpose the symbols of the mimic bus diagram are equipped
with bulbs which are controlled by telemechanical signals through the arrangement
of telesignaling. The arrival of such signals to the dispatcher point is accom-
panied by a siren which attracts the attention of the dispatcher and by flashing
bulbs on the corresponding symbol. The dispatcher acknowledges manually the new
signal to confirm the received information. In this case, the symbol of the
circuit breaker goes out and the symbol of the power unit either changes to
uniform light (the power unit is working) or goes off.

On the exhibition stand is shown an example of a dispatcher panel
with a mimic bus diagram of one power plant.

Dispatcher Console. A dispatcher console is a working desk of the

dispatcher. Sitting in front of the console, the dispatcher can observe the
entire mimic bus diagram. He can observe the equipment of the telemetering and
execute all necessary operations of telecontrol. For that purpose on the console
are mounted speclal switches, buttons, and bulbs.

Some telemeasurements are recorded by means of automatic equipment

on paper strips. One equipment, the summarizing electrical recorder of the power
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of the entire system, is particularly visible at the dispatcher point (Figure 3).

Arrengement of telecontrol and telesignalization of the Type UTB-55
is designed on time distribution principle.

The transmission of the signal or order consists of the transmis-
sion through the channel of a series of consecutive impulses of electrical current
which are divided by intervals. The number of the signal (point) is determined
by the pumber of the impulses in the series. The position of the signal (connected
or disccnnectéd) is determined by the elongation of the corresponding interval.
The mumber of signals in a series is seventeen.

The recelpt of more than two orders shows that the eq,uipneht is
not properly operating. The transmission of signals can be also controlled. In
the arrangement of the telecontrol telesignaling of the UTB-55 type, higher
reliability is assured in the transmission of operations of telecontrol telesig-
naling (Figure 4).

The received series of impulses is decoded and gives a definite
execution impulse; at the dispatcher point it connects a signal lamp and at the
power plant it disconnects a circult breaker. The normal arrangement is at
standstill and is activated automatically when the object (point) is reswitched.

The arrangement of the UTB-55 is a camplicated multi-function
system which is designed basically on the basis of an electramagnetic relay of
the telephone type and of telephone stepping switches. The feeder voltage is
60 volt d-c.

The UTB-55 arrangement is designed for elghty signals of tele-
signals, thirty-six signals of telecontrol and ten signals of requested tele-
metering. The transmission time of one order takes 2-1/4 seconds. For economy

the camminication channels of the UTB-~-55 system permit the connection to one
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channel of up to four controlled points (stations, substations) which are working
from one common system of arrangement of telecontrol and telesignal on the
dispatcher point. In this case, the number of manual signals of telecontrol and
telesignals on all four stations should not exceed above indicated numbers.

In order to obtain higher speed 1t was necessary to select the
signals by means of three consecutive timed steps and for an order four steps.

For this purpose, all elghty signals are distributed in eight groups with ten
signals in each group. The first six impulses select the number of the group and
the seventh symbol checks . by means of definlte characteristics, the correctness
of the selection,and the remaining impulses execute the selection of the ten
signals of a given group.

The UTB-55 system 18 buillt according to a block principle which
permits the assembly of individual blocks. The blocks are designed for twenty
points of telesignals and nine points for telecontrol. The signel block for
twenty points in the arrangement of telecontrol and telesignals at the ﬁispatcher
point consists of a selector of the SHI~1ll type, twenty signal relays Type RKN
and four general relays. The selection of the number of the group of signals is
obtained by a selector of the Type SHI-17. The operation of the telecontrol is
~obtained by means of only one selector SHI-1T7.

The autamatic starting of the arrangement at the controlled point
and during the switching from one controlled point to another is made by means
of a special starting scheme which conslsts of condensers and rectifiers. For a
normal arrengement only one contact i1s required which is a considerable advantage
of the UTB-55 system in comparison with other systems of supervisory control.

Blocks of individual signals and orders and also general operations
are mounted on separate panels which are connected with other panels by means of

connecting multi-channel plugs; this considerably helps the personnel to change
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the arrangement and also to remove damaged elements and to replace these elements
with spare elements. This design also permits, in the future, to increase the
capacity of this installation.

The high current (intermittent) relays which are required for
supervisory control are also mounted in blocks on panels. The relays and remain-
ing apparatus are located in the cabinets, the dimensions of which are 2090 x
800 x 550 MM. (Figure 5)

In each cabinet there is a panel with switches for feeding lines
and connecting lines, the starting button and also control signal bulbs which
permit the personnel to qhickly determine any faults and to adjust the equipment.

The cables for outside connections (from the panel or console and
control units) are brought into the cabinet from underneath and are connected to
special clamps which are installed inside of the cabinet. In the cabinets located
at the dispatcher's point, the connection of ocutside cables is made by means of
hot soldering and at the control point by means of screw clamps. The cabinets
are rellably sealed against penetration of dust‘a.nd of the surrounding air.

The supervisory control UTB-55 haé been developed by the All-Union
Research Institute of Electrical Energy in cooperation with plart "Electropult"
(Leningrad).

The supervisory control of the Type TNCH-~56 belongs to the class
of frequency systems which permits the arrangement of the supervisory control
over any means of trensmission including the high frequency channels of high
voltage power transmission lines. In tha{'. case, the distance of reliable trans-
mission 1s measured in hundreds énd thousands of kilometers, that is the reason

why such systems are called systems of long distance action.
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'For this purpose ‘special conversion methods are used for the
conversion of'the measured value into an auxiliary value which is convenient for
transmission through the given comminication chamnel. This value must be such
that the distortion effect in the process of transmission through the channel
should not reduce the accuracy of the measurement. At the receiving end this
va,;.ue (after reconversion) is used to determine the actual value which has been
measured at the controlled point.

In arrangement TNCH-56 the measured value is converted into alter-
nating current, the frequency of which changes in exact proportion with the
variation of the measured -vdlue at the given moment of time. The working range
of the frequencies which are transmitted to the channel is Ll-27 cycles which
corresponds to the limiting values (100 and O per cent) of the measured value.
The latter is converted by means of an induction converter into direct current,
which in a special scheme controls the regulating motor which rotates the movable
plates of the condenser of a sige wave generator, the frequency of which will
change in proportion with the measured value,

At the dispatcher point the received frequency is convertéd in a
special circuit into d.iréct current which is sent to an indicating apparatus
graduated according to the measured parameters (Figure 6).

‘ The measuring accuracy is plus or minus 2 to 2-1/2 per cent. The
transmittgr and receiver are made with electronic tubes which have long life and
are supplied from standard stock.

At the exhibition stand is demonstrated an arfangement of the

TNCH-56 which 1s designed for telemetering of total power of three components.
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Short Distance Supervisory Control Systems (Intensity Systems )

Such systems are designed to operate on separate independent lines
(overhead or cable) and cannot be operated on multi-frequency channels. Thé
operating distance depends on the quality of the line and is between ten and
fifty killometers. In these systems the current in the line does not exceed a
few milliamps and the voltage a few volts.

The telemetering of power, water consumption, etc., is made by
means of an induction-rectifying method.

For the measurement of power the movable system of the measuring
apparatus 1s tied with the movable system of an induction converter. The latter
emwrté the deflection angle of the instrument into a-c voltage, the magnitude
of which is proportional to the deflection angle, i.e., to the magnitude of the
measured power. The rectified voltage produces in the communication line a
d.iréct current (approximately one milliamp) which at the receiving end actuates
the indicating instrument. |

The accuracy of the measurement is approximately * 2.5 per cent.

The telemetering of alternating current or voltage according to
the rectifying method 1s obtained by rectifying the a~c or voltage outside of the
measuriné transformers. Direct current or voltage is transmitted to the dis-
patcher point where they actuate the indicating instruments.

On the exhibition stand a telemetering system for alternating
current 1s shown., This system is built by the "Electropult” plant.

At the dispatcher's console a special indicating instrument of the
Type FMDG-1 is used. This instrument is built by the "Electropult" plant. It

glves a reading without parallax, because of the large radius of the pointer.
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Supervisory Control Without Contacts (Type BMT-58)

In the Type BMI-58 supervisory control a special discrete pickup
is used (Type DI-2) Figure 7.

Contactless, long lifé elements are used in this system. The
basic components are: impulse type magnetic elements with a rectangular hystere-
sis loop and magnetic amplifiers with a relaylng action. Other static elements:
germanium triods (in one line tie point), diodes, condensers, etc. are also widely
used in this systen.

Due to a camplete absence of mechanical contacts and friction or
moving parts, this arrangement is particularly reliable in operation and does not
require a continuous attention and servicing for normsl operation. These charace
teristics put the contactless arrangement into a higher quality group then all
other arrangements.

The contactless arrangements became particularly important in a
tropical climate, locatiocns requiring explosion-proofness, large temperature
variations, polluted alr, presence of chemicals, outdoor operation, vibrations,
mechanical shocks, etc.

The énchibited contactless supervisory control system belongs to
the group of long distance systems and is designed for the operation with any
method of communication (overhead and cable two conductor lines, subsonic and
supersonic channels on cammnication lines and transmission lines, radio channels
and radio-relay lines) and practically on any distance.

The operation of the BMI'-58 system is based on the distribution
method of selection. |

The impulse distributors of the dispatcher and contrclled points
are brought to a synchroncus Imotion by 50 cycle current impulses. The impulses

are sent through the commnication channel from the dispatcher point.
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The selection of the objects (points) of the supervisory control
is made by means of time impulses by lengthening the intervals between the motion
impulses. For the selection of a point, reversed impulses are sent through the
channel during the intervals between motion impulses. Impulses are sent through
the channel continuously; the BMI'-58 arrangement of continuous operation thus
differs from the usvwal supervisory controls of sporadic action.

The continmuous transmission method provides & number of valuable
properties: the system 1s considerably simplified due to the absence of‘ compli-
cated automatic starting circuite at the controlled and dispatcher points; the
reliability of signal transmission is increased because it is repeated many times;
fhe transmission speed is considerably increased; a reverse commnication chg.nnel
is not. required, when telecontrol is not required; the transmission of discrete
telemetering is simplified.

The exhibited a.rrangément is designed for ten two position signals,
four controlled points and two calling points for telemetering. The time required
to transmit a signal 1s: maximum 0.28 second, minimum 0.02 second.

For the discrete telemetering six steps are segregated in the
impulse _distributors;

The counting of the telemeter indications is made by means of a
luninous digital display. The display lights are controlled by means of magnetic
contactless relays.

In this system, the most important element is made from a magnetic
alloy which has a rectangular hysteresis loop. (FPG)

The operation of this element _:Ls based on 1ts ability to change
abruptly the magnetic induction in the core from a positive value +B o t0 a nega-
tive value -B o 88 @ function of the polarity and magnitude of the magnetizing

impulses,.or to maintain it practically constant. An impulse at the 4out1et of a
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PPG element will appear due to the action of feeder impulse only if the preceding
'Eontrpl impulse creates a positive induction +B° in the core. The outlet impulses
are usgd either for further amplifications, or as an indicator of the type of a
previously supplied control impulse. In the latter case the PPG element becomes
a "memory" and is used as a recording relay in the impulse distribution system.

Iheboutlet elements of this arrangement are the contactless relays,
i,e., the magnetic amplifiers which operate as relays (because they have a strong
positive reverse comnection).

The cores of all magnetic elements are made from a special mag-
netic alloy NSOF.

The BMI'-58 was built in the supervisory control laboratory and is
& further development of the joint work of the Academy of Science, the ministry
of power plants and the "Electropult" plant in the field of development of

contactless supervisory control systems.

Discrete Telemetering (DT). The above described frequency and
rectifier type systems require separate channels for the tranamission of indica-
tions, which is the most expensive part of the entire supervisory control system.

The discrete telemetering (DT) does not require a seperate channel
and can operate over the same channels as other parts of the supervisory control.
This gives it a high economic efficiency.

With the discrete telemetering, instead of transmitting a continuous
row of measured values, only & limited number of these values is transmitted (as a
percentege of the maximum value) these values are transmitted through the super-
visory control system as ordinary telesignals. Thé contactless supervisory

control on the éonsole is used for this purpose.
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The exhibited pickup apparatus Type DT-2 transmits twenty whole
values in the entire range of the measured parsmeter. The error is t 5 per cent
which 1s permissible, for example, for the measurement of feeder currents. For
the measurement of voltages the error can be reduced 2 to 2.5 times by the method
of suppression of zero. The simplicity of the construction of this apparatus
IT-2 and also the'simple method of coding of the transmitted values is a consider-
able advantage of this system in comparison with the standard methods.

The DI-2 apparatus is built as an ordinary electrical measuring
apparatus. Along its scale are located twenty contact plates and the pdinter
carries on its end a contact fork. Since the apparatus is rermanently subconnected
to a measuring transformer or another Pickup indicator, the position of the
pointer always corresponds to the value of the meassured parameter at the given
time.

All twenty plates are subconnected to eight outlet circuits of the
contactless distributor of the supervisory control arrengement. When'fhe

dispatcher calls a required parameter, the contact fork of the pickup will be
: a signal

pressed against one or two corresponding plates and/corresponding to the measured

:value will be transmitted to the commnication channel. At the receiving end,

the received signal, through its executive relay, will connect a calibrated

resistance which will determine the magnitude of the current supplied to the

‘indicating instrument.

The DT-2 apparatus was developed by the VNIIE Institute.
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Puc. 2.. MoHTax annapatypsl o6paGOTKH BBICOKOBOJbLTHHIX JHHEA 3JekTponepe-
A34H AAS OPraHH3alMi BBICOKOYACTOTHBIX KaHa.10B CBA3H H TeeMe XaHHKH.

W BCeil 5HeproCHCTeMbl, KOHTPOJ 3arpVv3kH TpaHcpopmaropos, no-
TOKOB 3HEPIHM 110 JHHHSM 3JeKTponepelaud, a TaKike Hanpsxe-
HUS B PAa3JHUHBIX TOUKAX BHICOKOBOJbTHOH CETH H 4aCTOThl B CH-
cteMe. Kpome Toro, Ha THAPO3JEKTPOCTAHUHSX — OCYLLECTBJAIOTCS
3aMepbl YpPOBHA BOIbl B BOIOXPAHHJHMINAX, a Ha TeNJOBBIX 3Je€K-

TpOCTaHUHAX — 1aBJeHHs M pacxoia mapa. :
JIpn noMollH TeJecHTHa/JH3aUHH OCYLIeCTBISETCS HenpephiB-

HbIfl KOHTPOJb M3 IMCNETYEPCKOTO NMYHKTA 33 MOJ0KEHHEM BBHIKJI0-
yatenell MOLIHOCTH, 3a PabBoTOH YCTPOACTB pesefiHof 3aUIHTH HA
JHHHAX W arperartax, a TaKyKe MeCTHOfl aBTOMAaTHKOM. Tenecurna-

i
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ee pacnpocTpaHenhe i;lv '3THM HEe 1ONyCTHTb nepeboes B 3J1eKTPO-
.CHabOXeHHH.
" JncneruepckHe NYHKTH (OﬁbeJHHGHHbIe HEHTpa.'leble paioH-
HblE) WHPOKO OCHAWAI0TCH HOBeluIe# - TeXHHKOH —TeneveXxa -
HHKOH.
Paszanunbie Tunel coapemeﬂﬂoﬁ TeJlEMeX&HH'-lGCKOﬂ annapary-
Pbl TO3BOJAIOT JMCNETYEPY YNPaBJAATbH 3HEProOCHCTEMOH C BbICOKOH .
OnepaTUBHON YETKOCThIO H 006,/1eryalor ero TpyA. :
"ducneruepckuil NYHKT H BCe CTAaHUMH M NMOACTAHUHMH COEIHHEHD
Te.1eOHHOH CBH3bIO.:

Kacrad r3C

racrad '3t

Kacrad rae

A

Nodemawyus §, ©

Puc. 1. CkeneTtHas cxema HEHTPaai130BaHROTO ynpamemm BHEPPOCHCTEMOH H3
€AHHOro nncnequpCKoro NYHKTA.

TeneMexanuueckas -anmapaTypa no3BOJIsieT AHCNETYEpy npe-
J1€1bHO LeHTPA.IM30BaTh YNpaBieHHe CJOXKHBIM, NPOLEcCOM BhIpa-
GOTKH H paclpele/]eHHs 3JeKTPO3HEPTHH: H- OCYIECTBASATL €ro HaM-
6o.1ee 3hGDEKTHBHO C TOUKH ~3penns HapO.IHOXO35ACTBEHHBIX  HHTe-
pecoB B LeJIOM.

BpeneHne TeseMeXxaHHKU conposo:xnaercs OCHaUIeHHeM CTail-

. uufl W TOICTaHWHH MeCTHOH aBTOMAaTHKOM, UTOC JaeT BO3MOKHOCTb

" 3HAaYMTEJIbHO YMEHbWHTL HAa HHX YHCJAEHHOCTH O0G6CYyKHBalOWELo
nepcoHajia, a Ha psAle THAPO3JIEKTPOCTAHUHEA M noncraﬂurm———oﬁ- )
X0IHTbCsl Ge3 HeXYpHOro mepcoHana. ‘

B Coserckom Cowoze mjaHOBas TejJeMexaHH3alus aaeore'mqe-
CKMX CHCTEM Hauajacb B [10CJE€BOEHHLIN nepHou.

JlpoMeillieHHOe NMPOU3BOLNCTBO CeDHHAHON annapartypm Tedeme-
XaHHKH TIOJYYKJIO Pa3BHTHE MWL 3a nocleanue 5—10 Jaer. Tede-
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- Hexoroprie Tenensmepenns sanucwiBaiores Ha JIEHTHl caMomd- - .
Wyl UMy npubopamy. L :
"~ Oco6o' Bhizensiercs Ha ANCTIETYEPCKOM NYHKTe npu6op —cym-
MaTop 3/JI€KTPHYECKOH MOULIAOCTH BCEH SHEPTOCHCTe MBI (puc. 3).
YecrpoiicrBo TeJdeYNpPaBJIeHHUHA-TEAECHTHANH - |
3auvu tuna YTB-55 nocrpoeso no pacnpeie/iuTej]bHO-Bpe-
MEHHOMY NPHHIHIY. ' o '
Ilepenaya curnmana wam npukasa sakmouaercs B . IOCBLJIKE
B Kanaj CBA3H CEPHH C.IEAVIOILAX ApPYT 3a APYrom HMIOYJbCOB
3JEKTPHUECKOTO TOKA, pasledeHHbiX HHTepBadaMu. Homep. CUTHAaJa
(oObexTa) ompenessercs HoMepoM HMnysabca B cepud. Ilosuuus
CHTHaJjla («BKJIOUEHO» H.IH «OTKJIOYEHO») ONpeneaserca yiaiuHe-.
HHEeM COOTBETCTBYIOLIETO HHTepBaJga. Yuesqo HMIYyJbCOB B ce-
pun — 17. - :

Ipuen Goaee aByx fiprKasos CBHAETEJABCTBYET O HempaBHJbLOM
paGore ycrtpoiictBa. [lepelaya CHrHAJOB Takke KOHTPOJHUPYETCS.
B ycrpoticree TY-TC 7Tuna YTB-55 ofecrieunBaeTcs BbICOKas la-
AEKHOCTb HenonHenus onepaunét:TY u TC (puc. 4). o

oo, |
] 2 o 6 7 [ 7 /8
AR m R arm am mm@m
e L. Cuewamnwe i

Toynnobye 7Y 7 r
ZYnRnos uurynscy \podepra T

Puc. 4. duarpamma uMmmyaschoro Koza ycrpoiicrea TY-TC tuna YTB-55.

”pu}mr.a-.q--r:-epH.gﬁ.um-n.y-,a,bc@B—“,rze-}c_oa..«p-ye-resx—»{pacm-xe¢peesz--» e
BaeTcA) . BBLIAET ONPCIEICHHBIN WCAOJIHATENbHBIH HMNVAbC: Ha
AHCIETIEPCKOM NYHKTE OH BKJIOYAT CHTHAJbHYI0 JaMny, a. Ha
CTanlun,~— HanpuMep, pbpikJouartenb. HopMaiabho yeTpoiicTeo Ha- -

’ ' NOIHMTCS B NOKOE H NPHXOIHT B IeliCTBHE ABTOMATHYECKH TDH MNe-
peKJoyeHny - o6beKTa. . ' S

Yerpoitctso ¥YTB-55 siBasercs ca0xHON MHOTOOYHKUHOHAJIbHOH
CXeMOii, NOCTPOEHHOH B OCHOBHOM Ha 3JeKTPOMarHuTHHIX peJjie Te-
71e(pOHHOrO THNA M TeNe(OHHBIX IUATOBBIX HCKATESIX. Hanpsokenne
nuTavds —60 6 mocrosHHOTO TOKA. » -

YcrpoiictBo YTB-55" paccuutano na 80 o6rvexroB TC, 36.06%-
extoB TY u 10 o6vektos Teneusmepenns no BbI30BY. Bpems nepe-
—a4H OIHOTO NpHKasza cocrasaser 2'/y cex. B melsx 3SKOHOMHM -

~ B KaHa/lax cBasn cxeMa YTB-55 mossoaser BkawuaTh B oaum Ka-
‘Haa 10 HYeTblpex KOHTPO.IHPYEMbIX TVHKTOB (CTaHLMH, NOXCTaH-
uHy), PaboOTaOWKX HA OIMH OBILAf KOMIJIEKT ycTpokictea TY-TC .
Ha IHCNeTYEePCKOM NyHKTe. B 3ToM C1y4ae KOJHYeCTBO O6BbEeKTOR.
TY u TC na Bcex ueThipex nyhkTax B CyMMe He J0AKHO NpeBbl-
'WIaTh YKa3aHHBIX: BHLIC HPP. . e

HocTuxKenne noBuIwennol CKOpoCTH nortpe6oBajo Bei6opa CHI-
Hana TpeMs NOC/AeN0BaTeILHBIMH BO BPeMEHH CTYNeHsAMH,.a TpH-
Kasza — uetbipbMa. C 3T0i ueanio Bce 80 curuaJios pacnpeneyieHsl
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Puc 5. Penelinntit wkad ycrpoucraa TY-TC runa YTB-55 (na ,EmcneTlrepcxom
NYHKTe).

YerpoificTBO TeJeH3MEDEeHHSA THNA THY-56 otHo-
CHTCSl K KJ1acCy 4YacCTOTHBIX CHCTeM, IIO3BOJIAIOLIEMY OCYLUECTBASTH
TeJIeH3MepHTEJbHYIO Tepeaayy no Jio6biM BHAaM CBf3H, B TOM YHC-
Jie TIO0 BBLICOKOYACTOTHBIM KaHaJ/JaM BbICOKOBOJILTHLIX JIMHHII 3J€K-
Tponepelaun. B 3TomM ciyyae nanbHOCTL HaleXHOH - MepelavH Co-
CTaBJISET COTHH M THICSAYH KHJOMETPOB, MOYEMy TaKHe CHCTEMI . 1
Ha3bIBAIOTCH CHCTEMAMH NaJjIbHEro IlePICTBHﬂ.
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CTOSHHBIA TOK (nopszka 1 ma), KOTOPBIR Hawr;h;i-'év—\ﬂx—c;ﬁw”c)‘r-;o—:“'wmm“

NOCTYNAeT B YKa3blBAOIIHH mpubop.. . P :.e

TounocTs usMepeHuit cocrasaser npHMepHo +25%..

Tenensmepenne nepeMennoro Toka Hau HaNPAXKEHH: 110 BHINPA-
MIITETEHOMY METOAY OCYIUeCTBJsSeT s nyTem BblﬂpﬂMJIéHHﬁ H'xpaa’
H3MEDHTEJbHBIMH TpaHCPopMaTopaMu. B gunmio CBAA3H MONaimorcs
NOCTOSIHHLIE TOKH HJIM HanpskeHHe, KOTOpble Ha nucnerqepcm;‘.i

NIYHKTE HENOCPeACTBEHHO NMOCTYNAIOT B yKa3bBAalOllHe npu6opsl

LT e

. 7 e . - .
Puc. 6. Yerpoiictso_rteaensmepenns tnaa THY-56 (BHewnniA Bua nepexarunka)

Ha crenae ycranoBnena cucrema TeJIeH3MePeHHsT HalpsiKen
_lepeMeHHOro TOKa, BhIMycKaeMas .3aBoaom «S.r:exrpony.nbr»p =

YKkaspwBawomum NpH6GOpOM Ha nyasTe ,lm.cnerqe a
CAYXKHT TpuGop Thna TNMITI-1 crneupanbhof KOHCTDYKUHH 3aBop -
«3aexktponyasT>. OH oT.imuaercs GecnapaaiakcHbBIM  orcy oM
61aro1aps GOALIIOMY paiHyCy CTPeJIKH.- - oM

———

11

Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7 —




Approved For Release 2009/04/20 CIA- RDP8OT00246A008000400002 7 E——

cTB [} (mn BMT 58) o =
b’crpouc'rso THAZ . BMTSS *BBINONHSET. " QYHKIHH eneynpasae-
- His; Te/IeCHTHaIM3alUMM 'H TeJeH3MepPenHs (¢ 1OMOMIEIG" ‘criennasp- -

: HOTO “1aTYHKa nucxpemono TeneusMepenns Ttuna-JU- -2)(puc; 7).

ycrpoucmo nocrpoepo ]ncxmoqme.nbﬂo ‘Ha - 6ecxomaxmbrx

"'IIO.J’II'OBE‘IHbI)\ 3JI€\1€HT3'X. OCHOBHbIMH -H3. HHX" HBJI}UOTCSI H\IHVJIbf"- )
:FbIe \!aTHHTHbIe 3JI€M€HTbI C npﬂMO}’I‘OJIbHOH J'IETJIGPI I'HCTEDBSHCZ‘ o

H. ’\IaTHHTHble ycu.nmenn

peJICHHOI‘O HEHCTBHH' - Hapﬂny_ C -3THM

. Pue.’ 7.

_B CXeMe UIHPOKO . HCIoab

' rlmu\c;x HAJ ﬂOJBH/KHbIX
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Te 1emexaﬂuqecxoe.6ccxomax’ruoe ycrpoucrao THNA BM 58(s emmm ‘
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8. A System For The Regulation of Active Power For The Automatic Regulation
of The Frequency and Load of Groups of Multi-Unit Power Plants.

The system for the regulation of active power (UKAM) is based on the direct
utilization of the turbine speed regulators for the automatic control of the
operation of a power plant. An accurate control of the frequency (according

to the astatic characteristic) is obtained directly by the turbine speed
‘controls of the power plant and the most efficient distribution of load between
individual units is obtained. The output of the power plant is maintained

or adjusted depending on the requirements and a given load distribution between
units is maintained.

The UKAM consists of electromagnetic regulators which supplement the turbine
speed controls and the power plant equipment for the measurement and control
of power.

The electromagnetic regulator for the speed control of each turbine consists
of a pick up of the opening of the guide apparatus DO (Fig. 1) and the power
block (Fig. 2).

The pick up consists of an induction coil with a moving core, which is
connected to the guiding apparatus of the turbine and thus ties the turbine
controls with the inductive resistance of its coil.

The power block consists of electromagnets which are acting against each
other and are actuating an armature, which is connected to & booster slide
valve. The power block is the electric input element of the turbine speed
control. The electromagnetic regulator converts the hydro-mechanical
speed regulator into an electro-hydraulic regulator, which can operate not
only as a function of the rpm of the units but also as a function of other
parameters expressed by electrical values.

The electromagnetic regulators of all units in & power plant are interconnected
and also connected to a central measuring and power control system of the
plant into a single coordinating system. (Fig. 3).

Control systems for power plants consist of a static transformer (Fig. 4),
which is used to measure the summary of the output of all turbines in the
power plant, and power and frequency pick-ups, which are built in the form
"of rotary transformers (Fig. 5). The rotor of the transformer is controlled
by an electric drive.

During the operation of any number of units in the power plant the frequency
level is adjusted by the frequency pick-up and is maintained by the turbine
speed controls, which are set for astatic operation.

When the power output of a plant must be maintained at a given level or when
it varies because of load variations, tlie power pick-up is connected and the
required changes are obtained by the rotating of the pick=-up rotor by electric
sigpals which originate either in the power plant or are received from outside.

3
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The UKAM system is installed in several (over 10) hydro-electric-plants in
the Soviet Union. Experience shows that such automation, at minimum cost,
permits automatic frequency control with an accuracy not less than + 0.1
cycle and power control with an accuracy of + 3%. -

A mass production of the UKAM equipment is made at the electric repair
plant in Rostov.

ILLUSTRATIONS

Fig. 1 -~ Opening pick-up. UKAM
Fig. 2 - Power block UKAM.
Fig. 3 =~ UKAM coordination diagram.

DO -~ Opening pick-up

CB =~ Power block

CP =~ Distribution resistance

TC - Static transformer

Cpc - Capacity of the static transformer
- Power pick-up

DC Static choke

K4t - Frequency regulator

D4 Choke of the frequency regulator

Cy- Capacity in the equalizer circuit

KP1 - Contact for power regulation

KP2 - Contact for frequency regulation

YP - Equalizing conductor

Fig. 4 - Static transformer UKAM
Fig. 5 =~ Power pick-up UKAM
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ELECTRICAL RPM RELAY

The electrical rpm relay is designed to control the rpm of & power unit
during the starting and stopping and also to energize the protective
equipment in the case when the power unit overspeeds. The relay performs
the following operations:

Connects the synchronizing circuits.
Connects the generator to the line.

. Connects the brake during a shutdown.

. Releases the brake after the shutdown.
. Connects the protection from overspeed.

W Fw o

This relay was designed in 1957 using previous designs of rpm control

equipment, which has been used in hydro-electric power plants. The relay

is connected to the pendulum-generator of the water wheel generator and if

the pendulum generator is not available it is connected to a special
tachometer-generator. In comparison with a mechanical relay, the electrical [:::i—]?>
relay is more reliable because it is tied electrically to the shaft of the

generator and has no rotating or moving parts (except for the cores of the

relay). The relay is designed for installation on an automatic control panel,

vhich reduces the length of the connecting cables.

The schematic circuit of the relay (Fig. 1) consists of two parts:

I. The circuit for the control of braking, starting and overspeed
control includes: :

a. Braking rpm pick-up DO-40

b. Overspeed rpm pick-up DO-14O

¢. Rectifier Bp

d. Equalizing condenser C3

e. Thermal resistance TC

f. Adjustable resistances R; and Rp

II. The circuit for the control of zero rpm, includes:

- a. "Resonance circuit ICy
b. Rectifier B;
¢c. Zero rpm pick-up DO-0O
d. Time delay condenser Co

The voltage and frequency which are supplied by the pendulum generator to
the electric rpm relay vary with the rpm of the power unit. The voltage
supplied to DO-40 and DO-140 is proportional to the voltage of the pendulum
generator and the voltage supplied to DO-O has a shape as shown by Curve 16
(Fig. 2) due to the effect of the resonant circuit 10y .

The relay works as follows:

During the acceleration of the unit the zero rpm pick-up is pulled up and
stays in that position when the unit is in operation. When the unit approaches
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the synchronous rpm the DO-4O pick-up operates and also remains in the pulled
up position during the operation of the unit. During the shutdown of the
unit the pick-up DO-4O drops down and fixes the braking rpm of the unit.

The control of the sub-synchronous speed and the braking speed by the same
relay is achieved by the proper selection of the return coefficient of the
relay.

During the shutdown of the unit the condenser C2 is charged and after the
unit has gone through the resonant frequency of circuit IC, the condenser C2
discharges through pickeup DO=0, The capacity of this condenser is selected
80 that the pickeup DO=0 is released 15-20 minutes after a full shutdown of
the unit., The pick-up DO=-l40 operates 1f the unit overspeeds. The thermal
resistance TC is used for thermal compensation of resistance DO-140. It
consists of an assembly of 16 mm, washers.

The rated voltage and frequency of the relay must correspond to the voltage
and frequency of the pendulum generator and are specified by the cusyomer.

The laboratory adjustment of the relay is made on a special stand, which
consists of a three phase generator with an independent excitation. The
generator is driven by a D.C. motor. By varying the rpm and excitation
current of the generator within wide limits the ratio between the voltage
and frequency are changed and as a result the parameters of all pendulum
generators attached to water wheel generators can be imitated.

25X1
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10. DEVELOPMENT OF ELECTRIC TRANSMISSION LINES IN THE USSR

This booklet covers the construction and maintenance of transmission lines.
Different types of supporting towers are given for A.C. and D.C. transmission
lines. First wooden and steel towers are discussed, then reinforced concrete.
In order to expedite the construction of lines the following methods have

been adopted. Steel towers are prefebricated in sections which are bolted
together in the field. The sections are zinc plated et the plant. Heavy towers
have been replaced by lighter structures with guy=-wires as shown in Fig. 9.

Reinforced concrete towers have also been used, however, with the rapid
expansion of transmission lines steel and wood are considered preferable,

Methods of detecting leaks have been developed which cut down the maintenance
cost, Lately the impulse method of detection of leaks has been used success=
fully.

Aluminum alloys have also been used for towers. Reinforced concrete foundations

are often also prefabricated, which cut down the erection time, Imported

insuletors were used first, however, now insulators made in Russia are used, .
Lighter transmission line wires are used. They are made from steel and /C
aluminum.

Illustrations show different types of towers.
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11. Air Circuit Breaker Type BB-500

The air circuit breakers BB-500 are designed for outdoor installation. The
apparatus has ten chambers for the interruption of the electric arc. These
chambers are connected in series. A special ohmic shunting resistance reduces
overvoltages which occur during the disconnection of short circuits and no-
load lines.

The operation of the circuit breaker is obtained by the energy and high electric
characteristics of compressed air. The rated air pressure is 20 atm.

Basic Technical Data

Rated voltage 500,000 volts
Rated current 2,000 amps
Maximum disconnected power 20,000,000 KVA
" Meximum disconnected short circuit current 23,100 amps
Interruption time of the breaker 0.06 sec.
Rated air pressure 20 atm.
Overall dimensions of one pole:
length 9512 mn.
width _ 3965 mm.
height 11200 mm.,
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12.  -Single~Phase Power Auto-Transformer, (Step-Up) Type ODTGA - 138000/220

Capacity 138000/100000/69000 KVA
No load voltage 242A3 + (2 /2.5%) (12LA/3) 13.8 Kv.

Designed for the connection in a three phase group with a capacity of

41k ,000/300,000/207,000 KVA. Connection scheme and group Yo auto / A-ll.
This transformer is used for the connection of a generator to a 110 or 220 KV
network. A combined operation is possible with the generator connected to a
220 KV line and simultaneously a 110 KV line connected to a 220 KV line.

The 242 KV winding consists of two concentric windings connected in series.

The outer coil is designated as the series part and the inner coil, which is
also the 121 KV winding is designated as the general part of the autotransformer
winding. A current equal to the difference of the primary and secondary
currents is flowing through the general part of the winding.

The losses are:

High - medium voltage 300 KW
High - low " 250 Kw
Medjum - low 303 KW
No-load losses 208 Kw
Efficiency, referred to 100,000 KVA capacity

High - medium voltage 99.45%

The core of the autotransformer is made of cold rolled steel. The steel is
insulated by a film of varnish.

The 242 KV winding is equipped with a protective cgpacity against storm over-
voltages. This capacity is provided in the form of screening turns on the
high voltage inlet coils.

The autotransformer is o0il cooled with forced draft.

Overall dimensions of the autotransformer:

Plan dimensions 9500 x 6300 mm.
Height 8700 mm.
Weight
Removable part 76 ton
Tank with aux. equipment 46 ton
0il 65 ton
Total Weight 187 ton
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13. Current Transformer Type TFNKD-500

This transformer has a porcelain tank. It is designed for outdoor installation.

Cascade type. For differential protection.
Basic Data

Rated voltage 500 Kv.

Rated primary current 500-1000-2000 amps.

Rated secondary current 1 amp.

Number of cores U4 (3 for relay protection and 1 for measuring spparatus).
Rated secondary loads: 30-50-75 VA. '

Weight of transformers with oil 4.6 ton.

Height 5.46 m,

Base area 1.23 x 1.412 M.

Theée transformers are assigned for the high voltage transmission line between
Stalingrad and Moskow.

‘Built By:

Zaporozsky Transformer Plant.
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14. Voltage Transformer Type NKF-110-57

Single-phase, cascade, three-winding, with natural oil cooling, for
outdoor installation.

Rated transformation coefficient:

110,000 , 100
NE; /J3 / 100 volt

This transformer is designed for networks with a grounded neutral; it is
used for measuring electrical values, relay protection from ground faults,
automation and signal-transmission.

Capacity of the transformer

In accuracy Class 1 500 VA
" " v " 3 1000 VA

Overall dimensions:

Plan 860 x 735 mm.
Height 1820 mm.
Weight 640 kg.
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15. Three Phase, Three Winding Transformer
TDIGY 20,000/110

Rating 20000/20000/20000 KVA with no load voltage 110,000 + /2/2.5%/38500 +
/2/2.5%/6,600 volt. Connection scheme and group -Yo/Yo/A - 12 - 11,

Transformer losses are:

a) No load losses 55.8 kw
b) Short circuit losses 134.9
¢) Total losses 190.7 "

The transformer core is made from electrical cold rolled steel 0.5 mm. thick
with varnish coating. The yoke of the core is provided with many steps to
improve the distribution of the magnetic flux and to reduce the losses.

The 110 KV winding is provided with a capacity protection against atmospheric
overvoltages in the form of screening turns on the high voltage inlet coils.

Overall dimensions: a
Plan dimensions 6100 x 4600 mm.
Height 5580 mm.
Weight of removable part 28.6 ton
Weight of tank with aux. equipment 16.9 ton
Weight of oil 18.6 ton
.Total Weight o4.1 ton
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It is estimated that from 1958 to 1965 the overall production of industry will
increase by 80% and in the same period the generation of electrical power will
increase 2.1 -~ 2,2 times.

Table I gives the data for the growth of the basic branches of industry from
1958 to 1965 and 1972.

TABIE T
Planned Ievel of
: _ Produced Production for
Iype of Production Units in 1958 1965 1972
Iron. ore output Millions of tong 88.8 150-2160 250-300
Production of cast iron Millions of tons 39.6 65-T0 75-85
Production of steel Millions of tons 54,9 86-91 100-120
Coal output Millions of tons ko6 600-612 650-750
Crude oil output .Millions of tons 113 230-240 350-400
Gas output Billions of cub.m. 29.8 150 270-320
Cement output : Millions of tong 33.3 75-81 90-110
Generation of electri- Billions of Kw
cal power hours 233.0 500-~520 800-900
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Industry and construction works will be the main consumers of electrical
power.

The production of nickel, magnesium and titanium will be increased. These
will require a large amount of electrical power. In 1965 the production of
electric furnace steel will increase two fold and the production of alumi-
num 2.8 - 3 fold.

The consumption of electric power by agriculture has increased and will
increase even more in the following years.

The electrification of railroads is progressing repidly. At the end of
1958, 9500 KM of railroads were electrified. By 1965 additional 20,000 KM
will be electrified. The railroads between Moscow, Kuibishev, Irkutsk and
the far East will be electrified, also Moscow, Gorky, Sverdlovsk. Moscow
Kazen, Svedlovsk, Karagania, Magnitogersk, Ufa. Until now D.C. was used
for Railroads. Now a 137 KM experimental line using A.C., has been built
between Ozerelie and Pavletz. Out of 20,000 KM of Railroads which will be
electrified, 11,000 KM will be electrified with A.C. which will cut the
capital investment by 15-20% and will reduce the amount of copper required
three times. :

In 1965 the Railroads will require 40 billion KW hours.

Home appliances are also requiring more electric power. In 1956, 1957 and
1958 the following output was achieved: 10,798,000 radio receivers, 2,11k,000
television sets, 865,000refrigerators. 2,000,000 KW are required for above
appliances and another 2,000,000 KW for small appliances. By 1965 -the con-
sumption of electric power by home appliances will be doubled.

The generation of electric power in’ 1965 will be increased to 500-520 billions
of KW hours against 233 billion KW hours ggggrgtgq in 1958.

Present Status and Development of Electric Power (general data)

The generation of electrical power in 1958 was 233 billion KW hours and the
installed capacity of electric power plants 53.1 million KW.

80.5% was generated in steam power plants and 19.5% in hydroelectric plants.
The increase in power generation during the last three years (1955-1958) was
approximately 21.1 billion KW hours per year or 12.4% per year,

The increase of installed capacity and power generation in the Soviet Union
from 1928 to 1958 is shown in Table 2.
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TABLE 11
All Power Plants Hydro-electric stat.
Generation Generation
of electric of electric Per Cepita
Capacity power mil- Capacity energy mil- Generation
Thousend lions of KW Thousand lions of KW of electric
Year KW hours KW hours power KW hrs.
1928 1905 5007 121 430 -
1932 L6TT 13540 50k 812 --
1937 8235 36173 104k 4184 218
1940 11193 h8309 1587 5113 -
1945 11124 43257 1252 L8kl --
1950 19614 91226 3218 - 12691 L7l
1955 37296 170225 5986 23165 861
1956 43470 191653 8498 28984 958
1957 48396 209634 10040 39429 1027
1958 53100*% 233000 10900%* 45700 1162%

*Preliminary data

The trend is toward centralization i.e. construction of larger power plants.
Estimated generation of electric power: in 1965 - 500 to 520 billion KW hours,
in 1972 - 800 to 900 billion KW hours. _ '

The installed capacity will increase in 1965 to 110 -~ 112 million KW or an
additional 58 - 60 million KW of new power plants. The above increase will be
divided as follows: 47-50 million KW new steam power plants and 10-11 million
KW of hydroelectric power plants. The generation in steam power plants will be
85% and hydroelectric plants 15%. An average yearly increase of 12% is required.

In 1972 the installed capad¢ity will be 180-200 million KW.

© An 1ncrease of power capacity is planned in 311 republics of the Union:

in Russia - more than doubled
in White Russia - 2.6 times
in Azerbeidzan - 2 times
in Litwania - 2.9 times
in Bstoniea - 5 times
In Siberia end Kazskstan - 2.5 times.
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In order to expedite the construction of power plants, it has been decided
to give priority to the construction of steam power plants in the next
seven or eight years. These plans will be operated with low grade coal,
-natural gas and fuel oil,

In the same time, transmissipn lines will be built at high speed, vhich
will permit the best utilization of electric pover.

Fuel Balance and Utilization qf Pover Resources

The total geological deposits of coal, oil, gas, peet, wood according ,

to 1937 estimates was 1433 billion tons. Power resources estimated in 1956
(hard fuel, oil, natural gas and water power) 1is 1950 billion ton of standard
fuel. The Soviet Union has enormous water“powef‘ﬁapacity vhich is estimated
at 1700 billion KW hours per year. ,

Most of the fuel deposits (about 80%) and other resources are located in
Asia. However, most of the Power consumption is in Europe.

In the last two years meny power plants in Moscow, Harkov and Kiev have
been changed to use natural gas as fuel. :

In 1958 the fuel balance of the country was: 59% coal, 39% oil and gas,
10% other fuels ;rpeat s wood,etec., .-

In 1965 the fuel balance 1s estimated to be: U3% coal, 51% oil and gas,
and 6% other fuels. \

In 1965 in Siberis and the far East, the output of coal (mostly stiip mining)
should be 75 million of tons per year. This will provide cheap fuel for the
large steam power plants. L

In the Ukraene the Lwov=VbI&n coal basin will be developed.

I@mWhite Russia large oil refineries will be buiif as well as gas pipelines
and new peat mines. oo

'Iﬁ‘the Uzbek Republic large ges deposits are avaiiable in Buchara.

01l and ges will be used in power plants of the Georgian, Azerbeidzen’ and
Arme: nidn Republics. The use of gas and fuel oil in power Plants cuts :down
the cost of installation rer KW approximately by 20% and also reduces the
capital investment for the pumping of gas in comparison with the mining of
coal. The shipping cost is 1.5 to 2.5 times lower.

The use of gas, fuel oil and low grede Siberian coal will reduce the cost
per KW hour of electricel power.

Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7



Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7

-5 -

Sﬁeam Power Plants

The first steam power plants which were built before 1930 had & total
-capacity up to 100,000 KW. Most of the turbines in these plants had a
rating of 10,000 - 25,000 KW with steam pressure 13-16 absolute atm.
(1910 - 2350 pet) and superheat tempersture of 325 - 3500C(610 - 660°F).

The capacity of power plants and the rating of turbines has gradually
increased and from 1946 power Plants with & capacity of 300,000 KW and
larger have been built.

The ste%m conditions in these power plants is 100 aﬁs; atm. (1470 psi)
and 500 C (932°F). '

Duiing the last decade power plants with higher steam pressures and temper-
atures were built. _ B

In 195h:the'Cherepets Power Plant was put into Berviée with turbines rated
at 150,000 KW each and steam boiler which generate 240 tons per hogr of o
steam at 170 abs. atm. (2500 psi) and superheat temperature of 560°C (1040°F).

At the present time, 60 turbine-geherators rated at 100,000 KW and five
turbine-generators rated at 150,000 KW are in service. In 1958, 11 power
plants were, operating with a capacity of 200,000 to' 750,000 KW each.

At;thevpresent time, most prime movers in power plants are steem or hydralic

turbines which constitute about 87% of the total capacity. Power plants with'
diesel engines provide approximately 8%. All other plants have steam, gas
and other engines.

Since the steam plants provide most of the power, their efficiency is particu-
larly importent and the reduction of fuel consumption is of prime importance.

Table 3 gives the specific fuel consumption per KW hour in district power plants,
' TABLE IIT
YEARS

Specific fuel
Consumption
For power

Generation 820 T61 624 597 576 s5h2  LBO W70 k57  hhox
.qums ver KW hour :

1928 1932 1937 1950 1945 1950 1955 1956 1957 1958

*Tentative
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The amount of fuel is given in grams . &s a basis for comparison.

The mechanization of fuel handling has been improved within the last ten
years.

Within the last three years new construction methods have been adapted,
which permit a faster construction of the plants and a reduction of the cost.
In 1959 - 1965 most of the new power plants will be steam plants using coal,
oil and natural gas. These plants can be built faster and at a lower cost.

The new power plants will be equipped with turbine-generators rated at
100,000, 150,000, 200,000, and 300,000 KW with boilers producing 420, 500,
640 and 925 tons of steam per hour. By 1965 it is planned to install more
than 150 of such turbine-generators in expanded and new power plants.

Larger turbine-generator units are built. A 200,000 KW turbine-generator is being
erected at the present time with a direect flow steam generator which will

produce 64O tons per hour of steem. Turbines rated at 300,000 KW and 400,000

KW are in the design stage and corresponding boilers. In the manufacturing

of these units, perlite steels are used which are cheaper than the austenitic
steels.

In large steam power plants the most efficient technological scheme is used:
a block consisting of a boiler-turbine-generator-transformer, which permits

the utilization of the intermediate steam superheat. With such scheme, the

connection of the boiler with the turbine is simplified, the length of steam
piping is reduced and the number of shut-off valves can be reduced.

The new equipment for power plants will be mbre economical and will redﬁce
the consumption of fuel per KW hour.

The increase of efficiency for turbine-generators rated at 100,000, 150,000
and 200,000 KW is obtained by using steam at 135 atm. (2,000 psi) pressure
and superheat temperature of 565 C (1050 F).

The increase of the steam pressure and temperature and also the improved
design of turbines permits to reduce the fuel consumption per KW hour output
by %2—13% in comparison with units which operate at 1470 psi pressure and
932°F temperature. For turbines rated 300,000 KW the steam pressure is raised
to 240 atm. (3530 psi) and 580°C (1076°F) which provides a fuel saving of 6-T%.

The increase of efficiency of the turbines is obtained by increasing the
pressure and temperature of steam. : .

The intermediate single superheating of steam provides an additional 4%
saving of heat.

The improvement of the design of direct flow section of the turbine i.e.
the elimination of the double-crown(?) speed regulating wheel, the increase
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of the number of stages, the increase of the exhaust area for the
condensation-type turbine which is compensated by the increase of length
of the working blade of the last row and the use of multiple exhaust,
increases the efficiency of the turbine by 2.5-4%.

The improvement of the component design of the through-flow section of the
turbine such as: a more efficient shape of the stationary (guide) and
rotating (working) blades, the reduction of the clearance between the blade
tips and the cylinder of the turbine and other improvements glves an
efficiency increase of 1.5-2.5%. The increase of the nonregulating ex-
tractig; points of the turbine for regeneration increases the efficiency by
0.5-0.8%.

A number of improvements are made to improve the efficiency of the boilers
such as: reduction of the temperature of exhaust gases, etc.

The coal handling equipment is improved by providing bunkers whichuhdid:a
2h-hour supply of coal. The feed water is chemically checked.

The buildings of steam power plant are usually assembled from prefabricated
reinforced concrete sections, which reduces the erection time. In some
sections of the country where climate permits, semi-outdoor and outdoor
power plants are built. The cost of such plants is lower and the erection
time is reduced by four to six months.

Thé automation of controls:énd the use of gas for?fuel will'increase the
reliability and reduce the installation cost by 20 to 22%.

Table 4 gives the cost (in rubleé) of an installed KW of power in large power
plants.

TABLE IV

STEAM.'CONDITTONS
90 atm.535°C 130atm.565/565° 24Oatm.580/565°

Rating of Number gas or gas or gas or
Povwer Plant and rating hard 1liquid hard 1liquid hard 1liquid
1000 KW of turbines fuel fuel fuel fuel fuel fuel
200 Lx50 1265 895 -- - -- --
400 4x100 1130 815 1105 795 - --
600 4x150 -- - 945 695 -- -
1200 8x150 -- “- 885 650 -- --

800 Lx200 -- - 890 675 -- -
1200 6x200 - - 850 650 -- -
1200 4x300 - - - - 805 625
1800 6x300 - S -- -- 765 600
2400 8x300 - - - - 740 580
1800 3x600 - - - - 655 520
2k00 4x600 - -- e 620 495

Note: To convert 3 atm. igto 1 psi multigly by lhé7
To convert C into “F use formule F = 9/5 "C + 32
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Even larger power plants (up to 2,400,000 KW) are designed with turbo-
generators rated at 600,000 KW each. The efficiency of such plants will
be higher.

During the next seven-year period a boiler turbine unit rated at 300,000 Kw
will be installed. This unit is designed to operate at supercritical pressure
of 300 atm. (4410 psi) and 650°C (1200°F), which will increase the efficiency
of the gnit by 21-22% in comparison with units operating with steam at 90 atm.
and 500°C. The construction of this unit will require expensive sustenitic
steels. Therefore, the feasibility of wide use of such units will be decided
after operation experience is obtained from the first unit.

In the next seven-year period gas turbines fated at 25,000 to 50,000 KW will
be installed. About ten power plants are planned with rated capacity from
SQ,OOO to 200,000 KW with gas turbines.

Theaaplantswill be constructed in regions where there is a shortage of water
and in regions located close to gas pipelines or oil producing regions.

The efficiency of gas turbines which are séheduled for 1960 by the Leningrad
metal plant will be 29% for a 25,000 KW turbine, and 33.5% for a 50,000 KW
tgrbine.designed by the Kharkov turbine plent,

Heat Generation

In laerge cities Leningrad and Moécow exhaust steam from power plants is used
for industrial purposes and heating of buildings.

A considerable increase of heat generating plants is planned.

Hydroelectric Power

The construction of hydroelectric power plants provides low cost electric
power. It also improves the navigation of rivers, provides irrigation of dry
land, drainage of swamps, and improves the health conditions of the region.

The Volga~Kema cascade, conSisting of 13 proposed ;hydro-power plants: six are
in operation and two are under construction, '

As a part of this cascade the largest Volga Plant named for Lenin, rated
2,300,000 KW was put in operation in 1957 and in 1958 this plant generated
ten billion KW hours. At the Stalingrad Plant with a design capacity of
2,530,000 KW the first three units were installed in 1958,

On the Dniepr cascade, which will consist of six piants, two plants are in

operation and two under construction.

Cascades are completed on the Kblsk'peninsula, innGebrgia, Uzbekistan, etc.
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In the last years the development of Siberian rivers has started. The
Ust-Kamenogorsk Plant on the Irtysh, and the Irkutsk on Angara are completed
and are in service. The Novosibirsk Plant on the Ob River is being completed
and the Bukhtarminsk Plant on the Irtysh is under construction.

The construction of the largest hydroelectric plants in the world has been
started: +the Bratsk Plant on the Angara River and the Krasnoyarsk Plant on
the Yenisey River,

At the end of 1958 the installed hydroelectric power was 11 million KW.

Automation and supervisory control have found s wide spplication in hydro-
electric plants. '

Comrad Krushev stated in his opening speech at the Volga Dam named for Lenin,
that priority should be given to the construction of steam plants because of
their lower cost and shorter construction time required.

During the period of 1959-1965 the following hydroelectric plants are scheduled
for completion: Stalingrad 2,530,000 KW, Bratsk 3,600,000 KW, Kremenchug
625,000 KW, Vetkinsk 1,000,000 KW, Bachtarminsk 525,000 and a number of other
plants. The construction of the largest plant will be progressing at
Krasnoyarsk rated capacity 4,200,000 KW.

Atomic Power Plants

The Soviet Union is the first country in the world, where in 1954 was put in
operation the first in the world Atomic Power Plant rated at 5000 KW. The
operating experience of this power plant showed its high relisbility of all
components, the simplicity and convenience of operation. The system of bio-
logical shielding and special controls provide complete safety during the
operation of the station for the operators and for the population located near
the plant. :

On the basis of the data obtained from the first plant, larger industrial
atomic plants are designed. Most of the new atomic power plants which are
under construction or in the design stage use water as a moderator.

In an atomic power plant which is being built on the Ural and is rated at
400,000 KW the steam is generated in the reactor vessel. At this plant, four
reactors will be installed each connected to a turbine rated at 100,000 KW.
The steam will be supplied to the turbines from the reactors at a pressure of
90 atm. (1323 psi) and a temperature of u80-500°c;(9oo-93o°F). At the present
time, tests are completed on the boiling and superheating of steam and also
the starting and shut-down methods for the reactor.

In the Voronezh district s 420,000 KW atomic pover plant is built in which
two water moderated reactors will be installed. In these reactors the heat

is carried by water at 100 atm. (1470 psi) pressure. This water is circulated
through steam generators and provides saturated stesm at 29 atm. (426 psi)
Pressure which operates the turbine.
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It is assumed that in the future reactors of the latter type will be used.
This eliminates the intermediate steam generators in auxiliary equipment.

At the present time, a boiling water reactor rated at 50,000 XKW is under
construction. An experimental investigation of sodium moderated reactors
will be made on a 50,000 KW reactor. The geactor is designed to generate
steam at 90 atm. (1325 psi) and 500°C (932°F). The maximum pressure of the
moderator in the active zone will not exceed 8 atm., (118 psi) which is a
great advantage in comparison with the water moderated reactors.

A fast neutron reactor rated at 20,000 KW is under construction.
When the above atomic plants are completed; the operating experience will
permit the selectionz%he most efficient and suitable reactors for industrial

use.

Povwer Systems and Power Transmission tines

In this chapter the advantages of centralization are discussed. Construction
of large power plants interconnected by high voltage transmission lines is
also discussed.

It is proposed to connect the Central, Urai and Southern Districts by trans-
mission lines at 400-500 KV. .

Automatic control is widely used in many Power systems.
Supervisory control is introduced all over the country.

Table 5 gives the length and voltage of transmission lines. D.C. transmission
lines are used where large amount of power is transmitted on long distances.

Table .6 gives the constructibn cost of transmission lines in rubles per
kilometer.

Capital Investment in Power Generation and Construction of Power Plants and
Networks S

Within the next seven years the capital investment in the construction of
power plants and electric and thermsl lines is established at 125-129 billion
rubles which is a 1.7 increase in comparison with ihe period of 1952-1958

(in comparative cost). o

In the next seven years the emphasis will be on the construction of steam power
plants because of the saving in cost and construction time. The construction

of steam power plants will be expedited by the use of prefabricated reinforced
concrete sections for the buildings and the shipping of assembled units (boilers,
turbines, ete.) which will reduce the erection time.

The construction of Pipelines, gas and air lines will be expedited by the use of

movable shops such as boiler shops, electric substations, compressors and also
concrete plants, storage space, machine shops, etec.

Approved For Release 2009/04/20 : CIA-RDP80T00246A008000400002-7



